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1. PROGRAM OBJECTIVES

The objectives of this program were to rofurbish the Epsilon/ANGl,
balloon-borne aerosol sizing spectrometer, to prepare the instrument tor
flight, to collect aerosol data on a series of stratospheric flights con-
ducted from liolloman AFB, New Mexico, and to rceduce and analyze the data in
a preliminary fashion. The instrument, featuring excceedingly high sizing
resolution capable of resolving particle diameters differing by as little as
0.0ly diameter in the range between 0.255 and 1.0u diamceter, had becn under
development oveir a period of several ycars and, having been flown on previous
occasions, is described elsewhere (Ref. 1,2).

Because of the ongoing nature of the development, it was planned to
introduce certain improvements in the hardware. One of these was to include
a PCM telemetry link utilizing the AFGL balloon-borne telemetry system as a
back-up to the on-board recorder. During flight, the tclemetry data stream
could then be processed by the AFGl. PDP-11 computer at the balleon control
site to provide the scientist with real-time information on backqround levels,
total aerosol counting rate and other useful diagnostic information such as
flow rate, temperatures, etc. The function of this aspect was to scerve as
an aid in making decisions during tine balloon flight as to whether to depart
from the planned flight schedule to seck new scientific targets of oppor-
tunity that might develop which otherwise would be missed entire ly,

A second improvement related to the airflow sampling hardware. It was
planned to discard the critical orifice and replace this component with a
dynamically controlled pump whose volumetric sampling rate could be varied
to offset evacuation/filling flow effects that occur as a result of balloon
rise rate and/or fall rate. However, owing to the fact that the instrument
had lain dormant for the past five years, the refurbishment offort was larqer
than anticipated. Because of this, as well as the need to explore sampling
efficiency cffects (described in paragraph 2.2), the installation of this
modified flow system was not accomplished.

The first of two planned flights was to be launched on 27 May 1980.

On this occasion the SAGE Spacecraft would oe viewing within a tew hundred
Km of our projected sampling reqgion at local sunset, thereby providing an

apportunity of correirat ing onr resnlts with the solar tangential extinetior
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data collected by the spacecraft instrument, in a fashion similar to the
"ground truth” mcasurement (Ref. 3). At the same time, the Ames instrumented
aircraft, whose mix of instruments included a wire impactor, was to have
established rendezvous with our balloon, and subsequently flown to Wyoming

to rendezvous with Rosen's payload which was being used as a "ground truth”
measurement for the SAGE data. Unfortunately, the Mt. St. !elen’'s volcanic

eruption interposed, so that the Ames aircraft was diverted.

1.1 System OUperation

One successful flight was conducted on 27 May 1980. The balloon was
launched as late as possible (0700h MST; 1300h GMT) prior to clearing of the
flightline for normal daylight operations of the airbase. This accommodated
the desire to minimize the separation in both space and time between the
ballocen stratospheric in-situ sampling trajectory and that of the SAGE space-
craft sub-tangent region at local sunset. From this standpoint a sunrise
rendezvous on 27 May would have been preferable, as the geometry of the latter
would have resulted in a lesser separation. However a sunrise turn-on, owing
to the associated colder spacecraft temperatures, would have involved higher
power drains on the aging spaccecraft system (which had already exmerienced
component degradation), and therefore was precluded.

The balloon flight followed gquite c¢losely the intended upleg altitude
protile, rising for the first 22 minutes at a rate of about 730 ft/min to the
20 Kt level, thence slowing to averade rise rates of 340 fr/min up to the
38 Ktt level, 310 ft/min to 68 Kft, and 250 ft/min to the 84 Kft level during
the cnsuaing 200 minutes.  The remaining risc to float altitude of 94 Kft was
approached at a much slower rise rate (about 90 ft/min). Mcanwhile, the
aqeneral atmospheric ailr movement carried the balloon first in a northeasterly
direction below the tropopause, (located at 14 Km; 4G Kft) in a northerly
dircction through the transition reqgion, and then in a direction west by
northwest in the stratosphere. Pertinent information relating to these flight

parameters are listed in Table T below,




TABLE 1

Balloon flight parameters for RV~1 flight on 27 May 1980

Time Altitude Balloon location

MST GMT Kft Km Lat (N} Long (WL Remarks o )

0700 1300 4.0 1.22 33%0°‘ 106%08° At surface

0800 1400 20.0 6.1 33918 105949 on northeasterly track

0830 1430 37.0 11.3 33932 105032 " " "

0900 1500 45.0 13.72 33741° 105°19 Commence north by northeasterly
track

-~ - ~ 14.0 - - Level of Tropopause

0915 1515 50.5 15.4 33050°" 105014' Farthest castward adviance of

bhatlloon

0930 1530 58.5 17.8 33955 10519 Commence North by northwesterly
track

1030 1630 80.7 24.6 33956 105930 Commence West by northwesterly

track

1100 1700 89.84 Continue on " oo

1130 1730 93.34 28.45 33958 105948 " o ow oo

1144 1744 94.14 28.7 34°00° 105958 " .o oo 4t float

1200 1800 " " 34002" 106209 " " om oo

1230 1830 " 3405 106°23" " oo S

1300 1900 " " 34908 106°40" " "o oo

1325 1925 " " 3401y 106948 " voom v

1949 0149 - 25 34°00" 102954 SAGE satellite subtangent point

We have not as vet obtained information concernina the exact SAGE
satellite subtangent point track for this sunset pass. lHowever, on the basis
of qross orbital information (inclination: 550; altitude: 948-660 Km; and
period: 96.8 min), it can be shown that this point track advances along the
Farth-Sun terminator, which is tilted about 20° from the meridian (or along
ENE by WSW dircction) toward the end of May, at a rate ot about 4.3 Km/sec.
Thus, during the approximate 20-second period occupied by the spacecraft in
sweeping through the altitude profile of interest, the satellite subtangent
point covers a distance along this direction of about 90 Km. Its location
(for the 25 Km level) at local sunsect (about 1949h MST) was predicted to be
at 34°n Lat, 102°54" W Lona. This point was approximately 207 Km from the
distance of closest approach of the balloon (which applies to the 14 Km level).
However it should be kept in mind that this distance is not necessarily
meaningful owing to the temporal and spatial tactors, and the local wind

velocity. A perhaps more meaningtul parameter is the separation between the




location of a given parcel of (previously sampled) air at the subscquent time

of local sunset, and that of the spacecraft subtangent "point". ‘this separation
distance can be estimated for cach altitude on the assumption that the wind
velocity vector measured at the time of sampling (and ¢t the altitude of samp-
ling), remained unchanged during the ensuing elapsed time till sunsct. The
parameters uged for calculating these respective separation distances are

listed n Table 11.

TABLE I1

Calculated scparation between sampling point
and satellite subtangent point at local sunset

Approximate extrapol- 1
Averaqe wind ated location of air Sep
Altitude Time increment Windspeed Direction parcel at local sunsct Dist,
(Km) (Ms'T)
6.1-13.7 1430h-1500h 1.11 Km/mm From SW 36°50'  100730" 380 Km
13.7-15.4 1500h-1515h 0.80 " " SW 36920 103900 250 Km
15.4-17.8 1515h-1530h 0.80 " " SE 36940 106920 410 Km 1
17.8-24.6 1530h-1630h 0.3 " " ESE 34°10° 106740 330 Km
24.6-28.4 16¢30h-1730h 0.47 " " ESE 34912 106754 370 Km *1
28.4-28.7 1730h-1900h 0.89 " " ESE 34%25 ¢ 107935 420 Km

The intended flight altitude profile was to be roughly symmetric in
time with respect to float altitude, the downleqg portion commencing about
one half hour after reaching float. Since the capacity of the on-board tape
recorder and battery power source was about 10 hours, the flight was scheduled
to terminate at about 1700h MST. The flight was prematurely terminated about 4
one hour atter reaching float altitude owing to a rupture in the helium E
release mechanism electrical circuitry. 4

During the ltast hour of the flight, the normal heating of the balloon
contents caused continued expansion and resultant further buoyant rise. The
associated prolonged solar heating of the paylead contents, coupled with the
reduced conductivity ot the continually diminishing atmospheric density,
resultcd in accelerated temperature rise of the laser housina.  Fortunately,
parachute recovery conditions (in particular, the lower tropospheric wind
vector) permitted termination ot the flight carly cnough to prevent permanent '
damaje to the laser and the acsociated high voltage crrcuitry. Successful

!

recovery ot the payload was eoffocted by carefully choosing the termination |

time sooas to place the payload touch-down point in terrain that was con-

venient for recovery,




Plans for a seccond flight were cancelled upon discovery that the
volumetric sampling flow reduced with an incrcase in altitude.  Tests con-
ducted after the flight in the environmental chamboer indicated that this wass
repeatable, and also that the same cffect could be reproduced with the sparc
pump. Despite all subsequent attempts to account for this effect in terms
of various hypotheses (outgassing of volatile contaminants, component mal-
function, etc.), no satisfactory explanation has cmerged.  In spite ot this
difficulty we were able to satisfy ourselves that the data collected during
this flight were entirely valid (see Paragraph 2.1).

The telemetry link functioned satistactorily in that the anticipated
diagnostic information was received. However, it was found in pre-<light
preparations that the data encoder sampling rote sclected for this particular
flight produced data bit rates that exceeded the data-handling capability of
the PDP-11 hardware/software system. As a result, the real-time scientific
information that could be prescnted to the scientist was unsatisfactory. oOn
the other hand, the diagnostic data prescntation format was adequatoe and
served its purpose well.

A Tectronix 7000 series oscilloscope operated in X-Y storaace mode was
made available to us as a back-up to the pPDP-11 system.  This functioned well
enough to indicate that the concept of presenting the requisite real-time
scientific data is viable, given that the computer is provided with an ade-
quate hardware/software interface.

As a further check on the telemetry function, the telemetered data,
recorded on the T™ tapce in 10-bit digital form, was processed at the WSMR
computer by stripping out the acrosol counter data to produce a 9-track
IBM-360 compatible format tapc¢. This latter tape was prepared; but priority
considerations have not permitted a thorough check of this tape to ascertain

the sequence of the quality of the data transter froum reformatting operations.,

2. VALIDITY OF DATA

2.1 Sampling Flow Correction

The possibility that the unexplained occurrance of lower sampling flow
rates at increased altitudes might have degraded the validity of the particle
sizing output because of resultant pulse width stretching and related pulse
height reduction associated with peak deteoction gating offects, was explored.

A careful re-examination of experimental laboratory data collected several




years ago was conducted. This previous work involved the simulation of
reduced sampling flow rate effects by slowing the transit of particles of
different known sizes across the sensing gap. These tests indicated that

appreciable degradation of particle sizing accuracy does not occur until the

volumetric sampling flow rate is reduced to a valuc less than about 1/3 cm3/scu.

Below this value, a correction factor which is a function of the output particle

size would have to be utilized. Since all data reported here were collected
at higher sampling flowrates, it was not necessary to apply a flow rate

correction factor.

2.2 sampling Efficiency vs. barticle Size

Previous stratospheric data collected with this device indicated that the

observed acrosol size distributions were characterized by exceedingly high

stopes (Ret. 4} . This raised some questions among members of the scientific

community with regard to the sampling efficiency of our device (Ref. 5). These

questions contained the implicit assumption that our device would somehow result

in larger jparticles being selectively lost in the sampling tube walls as the
sampling tube entrance intet moves vertically through the atmosphere on its
upleq or dewnleg portion of the flight.

Heuristic calealations were performed to examine this possibility on
theoretical grounds. These indicated that such an effect was extremely un-
likelv. However since these calculations necessarily involved rather severe
simplifying assumptions, and since more detailed calculations would have

involved sianificant additional expense, it was decided to resort instead to

experiment . Accordingly, an avparatus was designed and fabricated to simulate

the fiow of air across the inlet tube.

The apparatus consisted of two annular cylinders, the inner of which
could rotate with respect to the outer one,  Rotation was induced with the
Atd ot a commercial magnetic stirrer arrangement and a small magnet tirmly
attached to the inner cylinder.  Viscosity of the air in contact with the
smooth surtace of this inner rotating cylinder would set up a cylindrical
flow ticld within the annular region. ‘the anpular airspeed as a tunction of
radius was measured with a specially fabricated and calibratoed vilot tube,

The sampling tube was incerted within this region at a point where the

lateral airspend was 170 cm/see (which corresponds to a balloon rise and/or

(=




fall rate of about 340 ft/scc) . udd the system was scaled, evacuateo and
brought to atmospheric pressure {after introducing 1 um{ of room air to yicld
4 particulate concentration of about 1 per em? comparable to that obscrved at
elevated altitudes) with dry, filtered nitrogen so as to provide a tarticlo-
free ambient.

The inner cylinder was spun to the predetormined sneed, and the air wae
sampled continuously, (during which the pressure in the chamber was reduced
accordingly, owing to the hermetic seal) . At the end of o once-~minute sampling
period approximately, the rotation was stopwed, and as soon as the airojoed
had reduced to zero, the second sample was recorded. Five such alternate
samples were collected; meanwhile the total pressure was reduced by about 3.4
atmosphere.

The results are depicted in Fiaqure 1. ‘These indicate that no sianitficant
difference in both concentration as well as size distribution could be detected
over the rande of pressures exvlored. From this it may be concluded that the
aporehensions prevalent in the community with regard to sampling officiency

effects are largely without basis in fact.

3. RESULTS

Tﬁe data have not been fully reduced as yet. However, certain salient
features have become evident from this preliminary analysis that are ot con-
siderable significance and hence of interest to the scientific community.
These are summarized here.

As scen from Fiqure 2, which depicts the intearal output for threo sizes
(:0.3u diam, 20.4y and .0.5p respectively) as a function of altitude, it
appears that above 14 Km, the location of the tropopause, all trace of parti-
cles greater than 0.4n diameter disappears. These results are being roported
in the open literature (Ref. 6) in the hope of generating a substantive dis-
cussion of the size distribution discrepancics between our data and those
derived with other instrumentation.

Since there has been relatively little injection of particulates into
the stratosphere within recent years, and since the terminal fall rate of
a 0.4y diameter particlie of density = 2 is a few Km/year at 18 ¥m, the
absence of all such particles in the stratosphere, (i.c., above 14 Kmy o is

plausible.  The presence of 0.3 particles, {(under  this hypothesis) would
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then seem to indicate that a separate source for these smaller particles
is operative, at least in the particular air mass sampled in these measure-
ments. It :hould be noted that the Mt. St. Helens debris cloud did not pass
anywhere near our location (Ref. 7). Thus our measurements may safely be
said to represent quiescent stratospheric conditions.
on the basis of our aerosol size distributions versus altitude, we have
been able to predict the tangential solar extinction of the SAGE measurements
at all four wavelength channels (namely: 1.0u, 0.6u, 0.45) and 0.385u), versus
altitude.  his is shown in Figure 3. The main purpose of this exercise is to
determine whother the size distributions characteristically observed by our
instrument corrcelate well with spacecraft data, as a means of cubstantiating
the validity of our results. These predicted extinction values have been for-
warded to messrs M. P. McCormick and L. McMasters; and we are awaiting the
SAGE raw solar extinction data in exchanqge.
1t our data are substantiated, greater credence can be given to our
contention that these extinction predictions will differ considerably from '
model values (Rof. 8) presently incorporated in the data reduction algorithm .
for inverting the SAGE solar extinction data to derive lateral and vertical
profiles of NO, and ”x concentration., The algorithm utilizes the l-micron
channel as a measurce of the acrosol contamination (since at this wavelength
neither of the above two minor atmospheric constituents absorbs appreciably)
and contribution to the extinction in the remaining three wavelength channels
arising from acrosols is derived from an assumed size distribution model which '
ditfers considerably from that which we have observed.
As might be expected from the steeper size distribution that are obscrved

by our instrument, the corresponding 5AGE aerosol extinction versus wavelenath

would be correspondingly greater at shorter wavelengths (or conversely, lesser

at longor wavelengths) . Other important implications of steep size distri-
butions (e.q., the strong impact upon source/sink exchange between selid and
vapor state of volatile atmospheric constituents) can also readily be envisioned,

Finally, the altitude protiles tor depicting the absolute particle con-

centration cach of 7 adjacent 0,01 micron diameter sizing bins covering the
range between 0,30 and 0,36 microns diameter, inclusive, are prescented in

Fiqures 4 through 10, respectively.  Superimposcd on cach is the protile of

~10-




=

\n
~

T el P P v . - —— e o e

10

< \n © AT

N -~ -~

| l | R B

Figure 3:

10

At tude (Kin)

Predicted altitude vrofiles of tangential
extinction due to aerosols alone (>0.34) for
the SAGE solar viewing nhotometers on 27 May/80
in the vicinity of Holloman AFB, N. M.
(105°-106°W, 33°-33.5°N)




RV~-1  7May/80

Launch: 0700 local

0l

0.30p Diam.

i 1 i | l

rheric Density

Atmoes

1 1 | l |

{Kq/un
[

in o " o ““
) ~ ed — o

Altitude (Km)

32
G.0]

-2~

rer

N0

Toncentration

Acroscl

ntravy -

Tarta

mMcron v

5

SYepr 0,

————



RV-1
0.31u Diam.
v )
s I I [ 1 T K
{
-
o
d
Y]
m
-
! 0 5
i [ 1
2 v
() o
- o ol s
() o 0 D TO \, 1
4 @ @) . -t .
— | Ve : . .
b, o . P |
. L )
‘ R T - ‘
! IS
@ I . i
@ o
) ™ '
Y - [
O £
- ~
. [ 9]
. ~ ;
! (o ts ‘.
® o e |
M e !
T b
™ <4
b W
. : .
1o ¢ 4
5 S
~
1 W )
— Rl ;
- - — R 1
ol ~ |
— . o
s R ;
b O B} 1
- — v !1
4 ot '
e s & i
43 4 P i
- o oL .
u. N 1'
o Q .
Y [} i '1
[®] sl
@) ™
[ &) T %
(:\l&\ : = i
A [\ ¢ ' t
(7 L U1 i ¢
. [ =
M (/ w I
. ;'
Y:&\U;\b g 3
’ O o
oL
—
l l | L |
IE} ]
(@] wn (] " ) w M .
) o~ 8] 4 .4 '.. o

Abtitude (Km)




UOTIBIZUIOUG, 3THTIAIRY UOITW Z¢ (. 30 &lilj.43 »pnytily =) §hetd

("Tety aod g I CON) Y 3PIJUILUC, TOSUIBY
1°0 10°

_

U1 1°C
(g W/E) A3Tsusq ctasyidsoudyw

Naam e .

| ]

biam.

O.32n

RV-1

)~y

uy
[}

-14-

(¥m)

ALY tade

1




RV-1

0.33) Diam.

———
.-
[
]
—
-
T
+
IS
t
4
o
—
&
I
»a
[
. i
— "
< ~
£
ha >
[ad .
P
0 e
- s
. 3.
“ [
o
Y
+
2 “
4 +
Lo L]
b B
.
v
d {
{
I fu,
[ i,
i
. b
S "
n
[
5.
)
.
‘

25 p—

Altitude

-
[N}

(Km)

DIEN




UOTIRAJUISUO 21DT13ded U10aADIW 0 O 9113034 opnld T3 {y % 4wl

A CYRRTIN SIS gWe dod TON) HCIARI oL d

1°a 1o

1

C°T r-c
Am:\mxv A3T8uad D TIoyisouly
I — <|
l.lO/?
—
—t .
4 t
. Tz
—
1 _ —1




HOT38I3USLI0N 2TDTIARS

TOIOTW

-

CLTs 3O ATTIOND UPARTALY 4 ddOSld

RvV-1

0.35p

("T0°0 F8d (WD a3d *ON) HUOTIRIIUDSUCD [OS0IBY
o' 1 T°0 10°
o 1°C
Amx\mxv KRatsusg o1aaydsouvy

S¢

(613

(Km)

Altitude




Rv-1

0. 3bp

VOTIRAIUIOUOD) 3[DTRIARY UOIDTW 9f°( 4O STTI0XI Opnatily 0] 1405714
(1070 b ETe mi\u AYd CTON) ULIjel3usluc TSI I
a1 [0 1¢6° 106
i )
1w o
0 1°0

Amz\vxv A3Tsusg d1asydsowdw

r

—

[¥a)]

'y
-4

oy

c1

Altitude

[Ta}
o

(Km)

-8t




atmospheric density taken from the Us Standard Atmosphere, 1976 Modet,
which can be used to derive the altitude profile of mixing ratio.  Thesee
plots show scveral interesting features: 1) the usual extremely sharp. drop
of concentration within the first 2-3 kilomcters above the surface (i.c.,
between 6-7 Km) 2) a ygeneral tendency toward increasing concentration beyond
this break-point (with minor but very detfinite tluctuations in cach case),
which amounts to a very broad but very shallow pcak at about 15 Km (which i
distinctly visible in the 0.30, 0.31 and, to a lesser extenl, in thoe 0,30 plot)
3) a progressive tendency for larger particles to expericence a fall-otf in
concentration at ever lower altitudes, 4) the suggestion of a sccondary steop
drop between 14 and 15% Xm commencing at 0.3]1 micron and becoming increasingly
pronounced at cach successively larqer size, and finally 9) the fact that the
atmospheric density profile does not appear to be strongly correlated with
that of any of the particle sizes. The data reopresented in this form were
smoothed and then used as inputs for the extinction calculations shown in

Fiqure 3.
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